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This thesis is an attempt to develop a virtual nuclear instrument to be controlled by
microcomputer which can be transformed as an instrument of more efficient functions in order that
the regular type of nuclear instrument (the modular electronics) which can not be efficiently
transformed can be replaced by this virtual nuclear instrument in the future. The newly developed, the
virtual nuclear instrument is composed of 4 parts as follows, the radiation detection systems, the
interface system, the micro controller and the virtual nuclear instrument program which has linearity
of 0.9930 for the differential gain of amplifier and recieves a signal level from 8 modules of
ratemeter.Each channel can accept the signal of 0 to 2.5 V.The systems can generate a 0 to 10V low
level discriminator scanning signal with resolution for energy window setting of 2.4 mV and linearity
of 0.9999. The control program consists of two menus, i.e the ratemeter service routine and the single
channel analyzer service routine. It is hopeful that this thesis will generate a new direction in adapting
a newly and more efficient instrument in order to replace the modular electronics. The new instrument
will be composed of small scale of systems which in turn will reduce the cost of production, and will

produce a modern automatic control system.
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ADuC812

SPEcl FIGAT’ 0NS1 4 2 (AVgp = DVpp = 3.0V or 5.0V = 10%, REFy /REFgy; = 2.5 V Internal Reference, MCLKIN = 11.0592 MHz,

fsamere = 200 kHz, DAC Vgyy Load to ABND; R, = 2 k€2, C, = 100 pF. All specifications Ty = Ty t0 Ty, unless otherwise noted.)

ADuC812BS
Parameter Yoo =5V Vop=3V Unit Test Conditions/Comments
ADC CHANNEL SPECIFICATIONS
DC ACCURACY™*
Resolution 12 12 Bits
Integral Nonlinearity £1/2 +1/2 LSB typ fsaspre = 100 kHz
£1.5 +1.5 LSB max fsanere = 100 KHz
*1.5 t15 LSB wp fsamrre = 200 kHz
Differential Nonlinearity = | +) LSB yp fsamere = 100 kHz, Guaranteed No
Missing Codes at 5V
CALIBRATED ENDPOINT ERRORS™*
Offset Error 5 5 1LSB max
1 *1 ILSE yp
Offset Error Match 1 1 LSB typ
Gain Error 16 6 LSB max
*1 1 ISB up
Gain Error Match 15 1.5 LSB typ
USER SYSTEM CALIBRATION’
Offset Calibration Range 5, 15 % of Veer typ
Gain Calibration Range 2.5 25 % of Vger typ
DYNAMIC PERFORMANCE fry = 10 kHz Sine Wave
Signal-to-Noise Ratio (SNR)® 70 70 dB typ
Total Harmonic Distortion (THD) -78 -78 dB typ
Peak Harmonic or Spurious Noise -78 =78 dB typ
ANALOG INPUT
Inpnt Voltage Ranges 0 to Vges 0 10 Vags v
Leakage Current +1 11 WA max
+0.1 0.1 pA typ
Input Capacitance® 20 20 PpF max
TEMPERATURE SENSOR!? '
Voltage Ourput at 25°C 600 600 mVY typ Can vary significantly (> £20%)
Voltage TC -3.0 -3.0 mV/’C wp from device to device
DAC CHANNEL SPECIFICATIONS
DC ACCURACY!
Resolution 12 12 Bits
Relative Accuracy 13 13 LSB typ
Differential Nonlinearity 10.5 +1 LSB vp Guaranteed 12-Bit Monotonic
Offset Error 160 60 mV max
x15 %15 mV typ
Full-Scale Emror 130 130 mV max
10 +10 mV typ
Full-Scale Mismatch 0.5 10.5 % typ % of Full-Scale on DAC1
ANALOG OUTPUTS
Voltage Range_0 0 to Vger 0 to Vger Vyp
Voltage Range_1 0w Vpp 0toVpp Vop
Resistive Load 10 10 K2 typ
Capacitive Load 100 100 pFup
Qutput Impedance 0.5 0.5 Qtyp
Ispe 50 50 pA typ
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ADuC812
SPECIFICATIONS"  (continued)
ADuCS812BS
Parameter Yoo=5V Vop=3V Unit Test Conditions/{Comments
DAC AC CHARACTERISTICS
Voltage Output Settling Time 15 15 js typ Full-Scale Settling Time to
within 1/2 LSB of Final Value
Digital-to-Analog Glitch Energy 10 10 nV sec typ 1 LSB Change at Major Carry
REFERENCE INPUT/OUTPUT
REFp; Input Voltage Range® 2.3Vop 2.3Von V min/max
Input Impedance 150 150 k€ typ
REF oy Ouiput Voltage 25+25% 25+25% V min/max Initial Tolerance @ 25°C
2.5 2.5 Vp
REFayr Tempeo 100 100 ppm.l""C wp
FLASH/EE MEMORY PERFORMANCE
CHARACTERISTICS'> 2
Endurance 10,000 Cycles min
50,000 50,000 Cycles typ
Data Retention 10 Years min
WATCHDOG TIMER
CHARACTERISTICS
Oscillator Frequency 64 64 kEHz typ
POWER SUPPLY MONITOR
CHARACTERISTICS
Power Supply Trip Point Accuracy $2.5 2.5 % of Selected
MNominal Trip
Point Voltage
max
+1.0 41.0 % of Selected
: Nominal Trip
Point Voltage
op
DIGITAL INPUTS p
Input High Voltage (Vnag) 2.4 2% Weming )
XTALI Input High Voltage (Vngo) Only| 4 ¥ min
Input Low Voltage (Vpa) 0.8 0.8 V max
Input Leakage Current (Port 0, EA) £10 10 pA max Viy.= 0.V.or Vop
%1 1 BA typ Voi'= OV or Vpp
Logic 1 Input Current
(All Digital Inputs) 10 £10 uA max Vi = Voo
xl £ pA yp Vv = Voo
Logic 0 Input Current (Port 1, 2, 3) -80 —40 pA max
—40 -20 pA ovp Vi =450 mV
Logic 1-0 Transition Current (Port 1, 2, 3)| =700 =500 pA max Vp=2V
—400 =200 LA typ Yo=2V

Input Capacitance

10

10

pFop
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ADuC812

ADuCRI12BS
Parameter VYoo=5V Yop=3V Unit Test Conditions/Comments
DIGITAL QUTPUTS
Qurput High Voltage (Vou) 24 2.4 V min Vop=45Vwi5V
Isource = 80 pA
4.0 2.6 Vuyp Vop=27Vto3.3V
Isounce = 20 pA
Output Low Voltage (Vor)
ALE, PSEN, Ports 0 and 2 0.4 0.4 V max Tsmk = 1.6 mA
0.2 0.2 YV op Ispoe = 1.6 mA
Port 3 0.4 0.4 V max Ismx = 8 mA
0.2 0.2 Vop Isg =8 mA
Floating State Leakage Current 10 +10 pA max
+1 +1 WA 1yp
Floating State Output Capacitance 10 10 pE typ
POWER REQUIREMENTS!: 1 1¢ '
Ipp Normal Mode'” 43 25 mA max MCLKIN = 16 MHz
32 16 mA oyp MCLKIN = 16 MHz
26 12 mA typ MCLKIN = 12 MHz
g8 3 ’ mA typ MCIKIN = 1 MHz
Ipp [dle Mode 25 10 mA max MCLEKIN = 16 MHz
18 6 mA typ MCLKIN = 16 MHz
15 4 6 mA typ MCLKIN = 12 MHz
7 2 mAh typ MCLKIN = 1 MHz
Inp Power-Down Mode!® 30 15 pA max
5 5 pA typ
NOTES
1Specifications apply after calibravion.
*Temperature range ~40°C o 485°C,

Linearity is guaranteed during normal MicroCenverter core cperarion.
MmdmﬂwhmmpmﬂuummmmmWMﬁmWwdmwmmManﬂﬂ
IMeasured in production at Vg = 5 V after Software Calibration Routine at 25°C only.
“Uurmlrmu&mmwuﬁuﬁnmﬂdnhmnkmﬁammmmm“mmdmt.

*The offser and gain calibration spans are defined as the voltage range of user system offser and gain errors that the ADuC812 can compensaie.
EENR caleulation includes distortion and noise components.

*Specificetion iz not preducton tested, but is supported by characterization dara at infdsl product release,
3The temperature sensor will give a measure of the die teMperature direcily; alr teraperature can be inferred from this result.
MDAL linearity is caloulared using:
Reduced code range of 48 1o 4095, 0 to Vg range
Reduced code range of 48 1o 3995, 0 10 Vpp tange
DAC output load = 10 kil and 50 pF.
YFlash/EE Memaory Performance Specifications are qualified as per JEDBC Specification (Data Retention) and JEDEC Drraft Specification AL17 (Endurance).
YEndurance Cycling is evaluated under the following conditions:

L

Mode = Byte Programming, Page Brase Cycling
Cyele Pamern = 00H w FFH

Erase Time =20 ms

Frogram Time = 100 ps

g at other MCLKIN frequencies is typically given by:

Normal Mode (Vop =5V):  Ipp = (1.6 nAs x MCLKIN) + 6 mA

Normal Mode (Voo = 3V):  Tpp = (0.8 nAs x MCLKIN) + 3 mA

Tdle Mode (Vop = 5 V): Top = (0.75 nAs ¥ MCLEIN) + 6§ mA

Idle Mode (Vpp = 3 V): Inp = (0.25 nAs x MCLKIN) + 3 mA

where MCLEIN is the oscillator frequency in MHz and resultant 1 pp valoes are in mA.

oo currents sre expressed as & summation of analog and digital power supply currents during normal MicroCenverter operation.
"*“Inp is not measured during Flash/EE program or erase cycles; Ing will typically increase by 10 mA during these cycles,

" Analog Inn = 2 mA (typ) in normal operation {internal Vyggp, ADC, and DAC peripherals powered on).

®HA = Portd = DVigp, XTALL (Input) tied to DVgg, during this measurement.

Typical specifications are not production tested, but are sepported by characterization data at initial product release.

Tming Specifications—Sec Pages 46-55.

Specifications subject to change without netice.

Please refer to User Guide, Quick Reference Guide, Application Notes, and Silicon Errata Sheet st www.analog.com/microconverter for additional information.
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ABSOLUTE MAXIMUM RATINGS*®
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Storage Temperature Range ......0000-s —65°C to +150°C
(T, = 25°C, unless otherwise noted.) Junction Temperatre . ... ecvesrsvassasasinnes 150°C
AVpp @ DVpn .. .. s TR ~03Vwo+0.3V B Thermal Impedance ........oveiieiinannnn, $0°C/W
AGNDWDGHND .....ivvcvevranmenss 03Vew+03V - Lead Temperature, Soldering
DVpp to DGND, AVpp to AGND ., ....... -03Viwo+7V Vapor Phase (6086C) ....coccvvrsnrsanassnsasns 215°C
Digital Input Voltage to DGND ... -0.3Vto DVpp +0.3V Infrared (1586C) ..oovvniiiiiiiiiiiiiiiaa, 220°C
Digital Cutput Voltage to DGND .. 03ViwoDVpp+0.3V BStresses above those listed under Absolure Maximum Ratings may cause perma-
VarrwAGND ..ivvcevinnnnnais ~0.3Vio AVpp +0.3V mmmﬁdmwhl_mﬂmhmﬁnmqm
Analog Inputs te AGND .......... 03V AV +0.3V ik or any other conditions optzational
. € i sections of this specification implied. Expos beolute maximum rating
UPWME Tw w Industrial {B vef;‘&?é 26 +85°C md.iﬁu:n for extended peﬂ-n:::nw affect dﬂi::t:jﬂlj.:lllq,
PIN CONFIGURATIONS
52-Lead MQFP S6-Lead LFCSP
5583 83358
- B =
R FEHEELT
& ] | 43 41
P.FADCHTE |1 i‘"“ .’ ’!-T‘tm PLVADCYTZEX -
PAADCUTZEX |2 DENTPIER 38 PABAINAZ? PLEADCY L
PL2ADC2 [ 37| P2.EIATUAZ1 PLYADCY L
PLVADCS [4 F2A A0 Voo
AVpo [5 DGND &¥po
n:m [i ADucC812 3 ﬂ:f: el
Vaes ] ot o Some xTaLy oo |
oaco s PRIAT1/ALS ChEr -
DACT fis P2UAI AT VREF L |10
P1.4/ADCA 11 PZUANRIT BAES Lf |1
P.SADCSST i3] PR O/ARATE oact || |
PLSIADCS [i2] SDATAMOS] FLAADCA L [12 )
PLyADCSES L |
4[]l 1afir][ra]lis 21 ] \!!h.‘-!ﬂ
b g %-% E 82 E g —r
1B H PV TREEIFECEEL]
Sk : 1HHIgH L
ORDERING GUIDE
Temperature Package Package
Model Range Description Option
ADuC812BS ~40°C to +85°C 52-Lead Metric Quad Flat Package 5-52
ADuC812BS ~40°*C to +85°C 56-Lead Lead Frame Chip Scale Package | CP-56
EVAL-ADuCB120Q5 QuickStart Development System
EVAL-ADuC812QSP QuickStart Development System Plus
- CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily

sccumulate on the human body and test equipment and can discharge without detection. Although

- the ADuC812 features proprietary ESD protection circuitry, permanent damage may occur on
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are

recommended to avoid performance degradation or loss of functionaliry.
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ADuC812
PIN FUNCTION DESCRIPTIONS

Mnemonic Type | Function

DVpp P Digital Positive Supply Voltage, 3 V or 5 V Nominal.

AVpp P Analog Positive Supply Voltage, 3 V or 5 V Nominal.

Crer I Decoupling Input for On-Chip Reference. Connect 0.1 pF between this pin and AGND.

Vaer /O | Reference Input/Output. This pin is connected to the internal reference through a series resistor and is the
reference source for the ADC. The nominal internal reference voltage is 2.5 V, which appears at the pin.
This pin can be overdriven by an external reference.

AGND G Analog Ground. Ground reference point for the analog circuitry.

P1.0-P1.7 E

Port 1 is an 8-bit input port only. Unlike other ports, Port 1 defaults to Analog Input mode. To configure

mnfthm?m?:muadlgitalmmt,mlﬂmth:ponhmPoﬂlpm;u:muluﬂmmmal and share
the following functionality.

ADCO-ADCT| I Analog Inpurs. Eight single-ended analog inputs: Channel selection is via ADCCON2 SFR.

T2 I TnnetiDngmlInpur.InputuT&ndﬂmmt&i Mmabhd,&mtuzhmmmmdmrupumma
1 to 0 wransition of the T2/input.

T2EX I Digital Input. Capture/Reload trigger for Counter 2; also functions as an Uprt:rwn control input for
Counter 2.

ss I Slave Select Input for the SPI Interface.

SDATA VO | User selectable, ’'C Compatible or SPT Data Input/Output Pin.

SCLOCK I/Q | Serial Clock Pin for XC Compatible ar SPI Serial Interface Clock.

MOSI O | SPI Master Output/Slave Input Data IO Pin for SPI Interface.

MISO 'O | SPI Master Input/Slave Output Data I/O Pin for SPI Serial Interface.

DACO 0 Voltage Output from DACO,

DACL 0 Voltage Output from DACL.

RESET I

Digiral Input. A high Ievdonthispinﬁnrﬂmch:kwdeswhﬂe the oscillator is running resets the
device, External power-on reset {POR) circuity must be implemented to drive the RESET pin as described
in the Power-On Reset Operation section.
P3.0-P3.7 'O | Port 3 is a bidirectional port with internal pull-up resistors. Port 3 pins that have 1s written to them are
pulled high by the internal pull-up resistors; in that state they can be used as inputs. As inputs, Port 3 pins
being pulled externally Tow will source current becaunse of the internal pull-up resistors. Port 3 pins also
contain various secondary functions that are described below.
RxD | 'O | Receiver Data Input (Asynchronous) or Dama Input/Qutput (Synchronous) of Serial (UART) Port
TxD 0 Transmitter Data Qutput (Asynchronous) or Clock Output (Synchronous) of Seral (UART) Port

I

INTO Interrupt 0, programmable edge or level triggered Interrupt input, INTO can be programmed to one of two
priority levels,“This pin can also be nused as @ gate control input to Timer0.

INTT 1 Interrupt 1, programmable edge or level triggered Interrupt input, INT1 can be programmed to one of two
priority levels. This pin can also be used as a gate control input to Timer 1.

TO I Timer/Counter 0-Input.

Tl I Timer/Counter 1. Input.

CONVST I Active Low Convert Start Logic Input for the ADC Block when the External Convert Start Function is Enabled.
A low-to-high transition on this input puts the track-and-hold into its hold mode and starts conversion.

WR O | Write Control Signal, Logic Output. Latches the data byte from Port 0 into the external data memory.

RD ] Read Control Signal, Logic OQutput. Enables the external data memory to Port 0.

XTAL2 0 Ourtput of the Inverting Oscillator Amplifier,

ATALL 1 Input to the Inverting Oscillator Amplifier and to the Internal Clock Generator Circuits,

DGND G Digital Ground. Ground reference point for the digital circuitry.

P2.0-P2.7 O | Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s written to them are
(A8-A15) pulled high by the internal pull-up resistors; in that state they can be used as inputs. As inputs, Port 2
(Al6-A23) pins being pulled externally low will source current because of the internal pull-up resistors. Port 2 emits the

high order address bytes during fetches from external program memory and middle and high order address
bytes during accesses to the external 24-bit external data memory space.
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PIN FUNCTION DESCRIPTIONS (continued)

Mnemonic Type | Function

PSEN o Program Store Enable, Logic Qutput. This output is a control signal that enables the external program
memory to the bus during external fetch operations. It is active every six oscillator periods t during
external data memory accesses. This pin remains high during internal program execution. can also be
used to enable serial download mode when pulled low through a resistor on power-up or RESET.

ALE 0 Address Latch Enable, Logic Cutput. This output is used to latch the low byte (and page byte for 24-bit
address space accesses) of the address into extemal memory during normal operation. It is activated every
six oscillator periods except during an external data memeory access.

EA I

P0.7-F0.0 Vo
(AG-AT)

when emitting 1s.

External Access Enable, Logic Input. When held high, this input enables the device to fetch code from
internal program memory locations 0000H to 1FFFH. When held low, this input enables the device to fetch
all instructions from external program memory.

Port 0 is an 8-bit open-drain bidirectional O port. Port 0 pins that have 1s written to them float and in
that state can be used ag high impedance inputs, Port 0 is also the multiplexed low order address and data
bus during accesses to external program or data memory. In this application, it uses strong internal pull-ups

TERMINOLOGY

ADC SPECIFICATIONS

Integrzl Nonlinearity

This is the maximum deviation of any code from a suaight line
passing through the endpoints of the ADC transfer function.
The endpoints of the transfer function are zero scale, a point
1/2 LSB below the first code transition, and full scale, a point
1/2 LSB sbove the last code transition.

Differential Nonlinearity

This is the difference between the measured and the ideal 1 LSB
change between any two adjacent codes in the ADC.

O ffset Error

This is the deviation of the first code transition (0000.. . 000)
to (0000 . . . 001) from the ideal, i.c., +1/2 LSB.

Full-Scale Error

This is the deviation of the last code transition from the ideal
AIN voltage (Full Scale - 1.5 LSB) after the offset exror has
been adjusted out.

Signal-to-(Nolse + Distortion) Ratio

This is the measured ratio of signal-to-(noise + distortion) at the
output of the ADC. The signal is the rms amplitude of the fun-
damental. Noise is the rms sum of all nonfundamental signals up

to half the sampling frequency (fs/2), excluding de. The ratio is

"~dependent upon the number of quantization levels in the digiti-

zation process; the more levels, the smaller the quantization
noise. The theoretical signal-to-(noise + distortion) ratio for an
ideal N-bit converter with a sine wave input is given by:

Signal-to-(Noise + Distortion) = (6.02N + 1.76) dB
Thus for 2 12-bit converter, this is 74 dB.

Total Harmonic Distortion
Toial Hanmonie Listortion is the ratio of the rms sum of the
harmonics to the fundamental, .

DAC SPECIFICATIONS

Relative Accuracy

Relative accuracy or endpoint linearity is a measure of the
maximumdevidtion from a straight line passing through the
endpoints of the DAC gransfer function. It is measured after
adjusting for zero-scale error and full-scale error,

Voltage Qutput Settling Time,
This is the amount of time it takes for the output to settle to a
specified level for a full-scale input change.

Digital-to-Analog Glitch Impulse
'Imsmﬂmamnumnfcharg:mpct:dmmth:mdognuwul
when the inputs change state, It is specified as the area of the
ghitch in nV sec.
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ARCHITECTURE, MAIN FEATURES

The ADuCBS12 is a highly integrated, true 12-bit data acquisi-
tion system. At its core, the ADuC812 incorporates a high
performance 8-bit (8052 compatible) MCU with on-chip
reprogrammable nonvolatile Flash program memory control-
ling a multichannel (eight input channels) 12-bit ADC.

The chip incorporates all secondary functions to fully support

the programmable data acquigition core. These secondary
functions include User Flash Memory, Watchdog Timer
(WDT), Power Supply Monitor (PSM), and various industry-
standard parallel and serial interfaces.

PROGRAM MEMORY SPACE
READ OMLY
FFFFH
EXTERMAL
PROGRAM
MEMORY
SPACE
FJ‘ \
7 ] 1FFFH Ei-0
EXTERMAL
BE BYTE FROGRAM
FLASHEE MEMORY
PROGRAM SPACE
MEMORY
DATA MEMORY SPACE
AEADMWRITE
#FH [PAGE 158) PPt
&40 BYTE -
FLASHEE DATA
MEMDRY
ACCESSED
INDIRECTLY
VYIA SFR
CONTROL REGISTERS
00H PAGE 0)
INTERMAL DATA
DATA MEMORY s
SPACE
FFH| accessiBLE | FUNCTION 2 L SPACE)
[ ACCESSIBLE
o ADDRESSING | BY DIRECT
7FH ACCESSIBLE
LOWER
= | =
NDIRECT
0o DO0000H

Figure 1. Program and Data Memory Maps

The lower 128 bytes of internal data memory are mapped as
shown in Figure 2, The lowest 32 bytes are grouped into four

banks of eight registers addressed as RO through R7, The next
16 bytes (128 bits) above the register banks form a block of
bit addressable memory space at bit addresses 00H through 7FH.

TFH
-
2FH
BANKS | BIT ADDRESSABLE SPACE
SELECTED {BIT ADDRESSES OFH-TFH)
YIiA
BITS 4 PSW 20H 4
1FH
n
184
1iT™H
L)
1oH _4 BANKS OF 8 REGISTERS
OFH RO-AT
-3
oaH
oTH =i RESET VALUE OF
0o STACK POINTER
o0 J

Figure 2. Lower 128 Bytes of Internal RAM

MEMORY ORGANIZATION

. As with all 8052 compatible devices, the ADuC812 has separate

@ddress spaces for program and data memory as shown in Fig-
ure 1, Also as shown in Figure 1, an additional 640 bytes of
User Data Flash EEPROM are available to the user. The User
Data Flash Memory area is accessed indirectly via a group of
control registers mapped in the Special Function Register (SFR)
arca in the Data Memory Space.,

The SER space is mapped in the upper 128 bytes of internal data
memory space. The SFR area is accessed by direct addressing
Jonly and provides an interface between the CPU and all on-chip
peripherals. A block diagram showing the programming model
of the ADuC812 via the SFR area is shown in Figure 3,

BK BYTE

128-BYTE

Figure 3. Programming Model
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OYERVIEW OF MCU-RELATED SFRs

Accumulator SFR

ACC is the Accumulator register and is used for math opera-
tions including addition, subtraction, integer multiplication and
division, and Boolean bit manipulations, The mnemonics for
accumulator-specific instructions refer to the Accumulator as A.
B SFR

The B register is used with the ACC for multiplication and
division operations. For other instructions, it can be treated as a
general-purpose scratch pad register.

Stack Pointer SFR :

The SP register is the stack pointer and is used to hold an internal
RAM address that is called the “top of the stack.” The SP register
is incremented before data is stored during PUSH and CALL
executions. While the stack may reside anywhere in on-chip RAM,
the SP register is initialized to 07H after a reset. This causes the
stack to begin at location 08H.

Data Pointer

The Data Pointer is made up of three 8-bit registers: DPP (page -

byte), DPH (high byte), and DFL (low byte). These are nsed to
" provide memory addresses for internal and external code access
and external data access. It may be manipulated asa 16-bit
~ register (DPTR = DPH, DPL), although INC DPTR instructions
will automatically carry over to DPP, or as three indepéndent
8-bit registers (DPF, DPH, and DPL).
Program Status Word SFR
The PSW register is the Program Status Word that contains

several bits reflecting the current status of the CPU as detailed
in Table L

SFR Address DO0H
Power-0mn Defaunlt Value 00H -
Bit Addressable Yes
cY AC Fo RS1 RSO | OV | F1 P

Table 1. PSW SFR Bit Designations

Bit Name - Description
7 CY Carry Flag
6 AC Anxiliary Carry Flag
- Fo General-Purpose Flag
4 RS1 Register Bank Select Bits
3 RS0 RS1 RS0  Selected Bank
0 0 0
0 1 1
1 0 2
1 1 3
2 ov Overflow Flag
1 Fl General-Purpose Flag
0 P Parity Bit

Power Control SFR
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~ The Power Control (PCON) register contains bits for power

saving options and general-purpose status flags as shown in

Table I1,

SFR Address 8TH
Power-On Default Value O0H
Bit Addressable No

smop| ——

GF1 | GF0 | PD

Table II. PCON SFR Bit Designations

Bit | Name Description

7 SMOD Double UART Baud Rate
] —— Reserved

5 s = Reserved

4 ALEOFF Disable ALE Output

3 GF1 General-Purpose Flag Bit
24 GFO0 General-Purpose Flag Bit

1 PD Power-Down Mode Enable
0 IDL Idle Mode Enable
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SPECIAL FUNCTION REGISTERS

All registers except the program counter and the four general-purpose register banks reside in the special function register (SFR) area.
The SFR registers include control, configuration, and data registers that provide an interface between the CPU and other on-chip
peripherals.

Figure 4 shows a full SFR memory map and SFR contents on reset. Unoccupied SFR.]n:anm; are shown dark shaded (NOT USED).
Unoccupied locations in the SFR address space are not implemented, i.e., no register exists at this location. If an unoccupied
location is read, an unspecified value is returned. SFR locations reserved for on-chip testing are shown lighter shaded (RESERVED)
and should not be accessed by user software. Sixteen of the SFR locations are also bit addressable and denoted by ™! i.e., the bit
addressable SFRs are those whose address ends in 0H or 8H.

mmmmcmwa‘mummH‘MMMﬂL DACTH
FFH_o|Fex o{Fon ojrcH olFEH olFaM olFeM olFeH o TN I (R "
ADCOFSLY|
Fid Q|FH DiFSH OjFed O|FIM OjFIH OjFH O|FOH O mmmmmmmmnnwﬂmmﬂﬁmm
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Figure 4. Special Function Register Locations and Reset Values
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ADuCE12 HARDWARE DESIGN CONSIDERATIONS

This section outlines some of the key hardware design consider-
ations that must be addressed when integrating the ADuC812
into any hardware system.

Clock Oscillator

The clock source for the ADuC812 can come either from an
external source or from the internal clock oscillator, To use the
internal clock oscillator, connect a parallel resonant crystal
between Pins 32 and 33, and connect a capacitor from each pin
to ground as shown below.

ADuC812
XTALY
L
10 AL
i o
Figure 35, External Paralle! Resonant Crystal Connections
ADuCS12
EXTERMAL XTALY
CLOCH
TO INTE
o5 TRANG RGOS

Figura 35. Connecting an Externial Clock Source

Whether using the internal osciliator or an external clock source,
the ADuCS812's specified operational clock speed range is 300 kHz
to 16 MHz. The core is static, and will function all the way
down to de. Bur at clock speeds slower that 400 kHz the ADC
will no longer function correctly. Therefore, to ensure specified
operation, use a clock frequency of at least 400 kI{z and no
more than 16 MHz.

External Memory Interface ;

In addition to its internal program and data memories, the
ADuC812 can access up to.64 K bytes of external program
memory (ROM, PROM, etc.) and up to 16 M bytes of exter-
nal data memory (SRAM).

To select from which code space (internal or external program
memory) to begin executing instructions, tie the EA (external
access) pin high or low, respectively. When EA is high (pulled
up to Vpp), user program execution will start at address 0 of the
internal 8 K bytes Flash/EE code space. When EA is low (tied
to ground) user program execution will start at address 0 of the
external code space. In either case, addresses above 1FFFH
(8K) are mapped to the external space,

Note that a second very important function of the EA pin is
described in the Single Pin Emulation Mode section.

68

External program memory (if used) must be connected to the
ADuC812 as illusrrated in Figure 37. Note that 16 VO lines
(Ports 0 and 2) are dedicated to bus functions during external
program memory fetches. Port 0 (P0) serves as a multiplexed
address/data bus. It emits the low byte of the program counter
(PCL) as an address, and then goes into a float state awaiting
the arrival of the code byte from the program memory. During

“the time that the low byte of the program counter is valid on PO,

the signal ALE (Address Latch Enable) clocks this byte into an
address latch. Meanwhile, Port 2 (P2) emits the high byte of the

* program counter (PCH), then PSEN strobes the EPROM and

the code byte is read into the ADuCS812.

ADuCs12 EPROM
o PN DO-D7
{NSTRUCTION}
=M ap-a7
LATCH
ALE
P2 : AB-ATS
FEER OE

Figure 37. External Frggram’ Memory Interface

Note that program memory addresses are always 16 bits wide, even
in cases where the actual amount of program memory used is less

_than 64 K bytes. External program execution sacrifices two of the

8-bit ports (PO and P2) 10 the function of addressing the program
memory. While executing from external program memory, Ports 0

~and 2 can be-used simultaneously for read/write access to external

data memory, butnot for general-purpose /0.

Though both external program memory and external data memory
are accessed by some of the same pins, the two are completely
independent of each other from a software point of view. For example,
the chip can read/write external data memory while executing
fram external program memory.

Figure 38 shows a hardware configuration for accessing up to

64 K bytes of external RAM. This interface is standard to any
8051 compatible MCU.

ADuCa12
Do-D7
i {DATA)
LATCH : AB-AT
ALE

P2 M AB-A1S

-1 OE

WA WE

Figure 38. External Data Memory Interface
(64K Address Space)
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If access to more than 64K bytes of RAM is desired, a feature
unique to the ADuC812 allows addressing up to 16 MBytes
of external RAM simply by adding an additional latch as illus-
trated in Figure 39.

ADuCs12 SRAM
FEY ALk M
o (DATA)
LATCH M agar
L
ALE
1
P2 'r‘ AZ-B1E
LATCH
|l'> N Ate-A23
RO OF
WA WE

Figure 39. External Data Mamory Interface (16 M Bytaes
Address Space)

In either implementation, Port 0 (P0) serves as a multiplexed
address/data bus. It emits the low byte of the data pointer (DPL) 2=
an address, which is latched by a pulse of ALE prier to dam being
placed on the bus by the ADuC812 (write operation) or the
SRAM (read operation). Port 2 (P2) provides the data pointer
page byte (DPP) to be latched by ALE, followed by the data
pointer high byte (DPH). If no latch is connected to P2, DPP is
ignored by the SRAM and the 8051 standard of 64K byte external
data memory access is maintained.,

Detailed timing diagrams of external program and data memory
read and write access can be found in the Timing Specifica-
tion sections.

Power-On Reset Operation

External POR (power-on reset) circuitry must be implemented 1o
drive the RESET pin of the ADuC812. The circuit must hold
the RESET pin asserted (high) whenever the power supply
(DVpp) is below 2.5 V. Furthermore, Vpp must remain above
2.5V for at least 10 ms before the RESET signal is deasserted
(low), by which time the power supply must have reached atleast
a 2.7 Vlevel. The external POR cirenit must be operational
down to 1.2 V or less. The timing diagram in Figure 40 illus-
trates this functionality under three separate events: power-up,
brownout, and power-down. Notice that when RESET is asserted
(high), it tracks the voltage on DVpp. These recommendations
must be adhered to through the manufacturing flow of your
ADuCE812 based system as well as during its normal power-on .
operation. Failure to adhere to these recommendations can
result in permanent damage to device functionality.

bt L

Figure 40. External POR Timing

The best way to implement an external POR function to meet the
above requirements involves the use of a dedicated POR chip, such
as the ADMB09/ADMS810 SOT-23 packaged PORs from Analog
ADMB10 and active low ADMBS09 PORs are shown in Figure 41
and Figure 42, respectively.

POwen sueLY, rEne
L CVpp
POR
(ACTIVE HIGH) ey
v

Figure 41, External Active High POR Circuit

Some active-low POR. chips, such as the ADMB09, can be used
with @ manual push-button as an additional reset source as

illustrared by the dashed line connection in Figure 42,

. | p— . ADuC812
naz DVoo
POR
(ACTIVE LOW)
RESET
v
%7 RESET
PUSH BUTTON
Figure 42, External Active Low POR Circuit
Power Supplies

The ADuC812's operational power supply voltage range is 2.7V
1o 5.25 V. Although the guaranteed data sheet specifications are
given. only for power supplies within 2.7V to 3.6 V or £10% of

the nominal 5 V level, the chip will function equally well at any

power supply level between 2.7V and 5.5V.

Separate analog and digital power supply pins (AVpp and DVpp,
respectively) allow AVpp to be kept relatively free of noisy digital
signalg often present on the system DVpp line. However, though
you can power AVpp and DV, from two separate supplies if
desired, you must ensure that they remain within £0.3 V of one
another st all times in order'to avoid damaging the chip (as per the
Absolute Maximgum Ratings section). Therefore it is recommended
that unless AVpp and DVpp are connected directly together,
you connect back-to-back Schottky diodes between them as
shown in Figure 43,

DIGITAL SUPPLY —  anaocsuery
o v
@ v ADuC812
oV, AVpp (8
DD 1puF

CARF

Figure 43. External Dugl-Supply Connections
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As an alternative to providing two separate power supplies, the
user can help keep AVpp quiet by placing a small series resistor
and/or ferrite bead between it and DVpyp, and then decoupling
AVpp separately to ground. An example of this configurarion is
shown in Figure 44, With this configuration, other analog
circuitry (such as op amps, voltage reference, and so on) can be
powered from the AVpp supply line as well, The user will still
want to include back-to-back Schottky diodes between AVpp
and DVpp in order to protect from power-up and power-down
transient conditions that could separate the two supply voltages
momentarily.

e
oigmaL suppy [ -
iiﬂrﬂ' ﬁ 150 mwi
) ADuCB12
Voo M’m@?’
ET T
DGHD

mm%
Figura 44. External Single-Supply Connections

Notice that in both Figure 43 and Figure 44, a large value (10 pF)
reservoir capacitor sits on DVpp and a separate 10 puF capacitor
sits on AVpp. Also, local small value (0.1 uF) capacitors are
located at each Vipp pin of the chip. As per standard design prae-
tice, be sure to include all of these capacitors, and ensure the
smaller capacitors are close to each AVpp, pin with trace lengths as
short as possible. Connect the ground terminal of each of these
capacitors directly to the underlying ground plane. Finally, it
should also be noted that, at all times, the analog and digital
ground pins on the ADuC812 must be referenced to the same
system ground reference point.

Power Consumption

The currents consumed by the various sections of the ADuCR12
are shown in Table XXVII. The CORE valties given represent
the current drawn by DVpp, while the rest (ADC, DAC, Valt-
age Reference) are pulled by the AVpp pin and can be disabled
in software when not in use, The other on-chip peripherals
{watchdog tmer, power supply monitor, and so on) consume
negligible current and are therefore lumped in with the CORE
operating current here. Of course, the user must add any
currents sourced by the DAC or the paralle]l and serial /O pins,
in order to determine the total current needed at the ADuCB12%
supply pins. Also, current drawn from the DVpp supply will
increase by approximately 10 mA during Flash/EE erase and
program cycles.
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Table XXVII. Typical Inp of Core and Peripherals

Yop=5YV VDD =3Y
CORE
(MNormal Mode) | (1.6 nAs x MCLE) +| (0.8 nAs x MCLE) +
6 mA 3 mA
CORE
{Idle Mode) (0.75 nAs x MCLEK) +| (0.25 nAs x MCLK) +
S5mA 3mA
ADC 1.3mA 1.0 mA
DAC (Bach) 250 p& 200 pA
Voltage Ref 200 pA 150 pA

Since operating DVpp current is primarily a function of clock
speed, the expressions for CORE supply current in Table 20{VII
are given as functions of MCLK, the oscillator frequency. Plug
in a value for MCLEK in hertz to determine the current consumed
by the core at that oscillator frequency. Since the ADC and DACs
can be enabled or disabled in software, add only the currents
from the peripherals you expect to use. The internal voltage refer-

" ence i3 automatically enabled whenever either the ADC or at

least one DAC is enabled. And again, do not forget to include
current sourced by I/O pins, serial port pins, DAC outputs, and

's0 forth, plus the additional current drawn during Flash/EE

erase and program cycles,

A software switch allows the chip to be switched from normal
mede into idle mode, and also into full power-down mode.
Below are brief deseriptions of power-down and idle modes.

In idle mode, the escillator contnues to run but is gated off to
the core only, The on-chip peripherals continue to receive the
clock, and remain functional. Port pins and DAC output pins
retain their states in this mode. The chip will recover from idle
mode upon receiving any enabled intermupt; or upon receiving a
hardware reset.

In full power-down miode, the on-chip oscillator stops, and all
on-chip peripherals are shut down. Port pins retain their logic levels
in this mode, but the DAC output goes to a high impedance
state (three-state). The chip will only recover from power-down
mode upon receiving a hardware reset or when power is cycled.
During full power-down mede, the ADuCRB12 consumes a total
of approximately 5 pA,
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and Board Layout Recommendations
As with all high resoluntion data converters, special attention
must be paid to grounding and PC board layout of ADuC812
based designs in order to achieve optimum performance from
the ADC and DACs.

Although the ADuC812 has separate pins for analog and digital
ground (AGND and DGND), the user must not tie these to two
separate ground planes unless the two ground planes are connected
together very close to the ADuCB812, as illustrated in the simpli-
fied example of Figure 45a. In systems where digital and analog
ground planes are connected together somewhere else (for example,
at the system’s power supply), they cannot be connected again
near the ADuC812 since a ground loop would result. In these
cases, tie the ADuC812’s AGND and DGND pins sll to the
analog ground plane, as illustrated in Figure 45b. In systems with
only one ground plane, ensure that the digital and analog com-

ponents are physically separated onto separate halves of the board

such that digital return currents do not flow near analog circuitty
and vice versa, The ADuC812 can then be placed between the
digital and analog sections, as illustrated in Figure 45¢.

In all of these scenarios, and in more complicated real-life appli-
cations, keep in mind the flow of current from the supplies and
back to ground. Make sure the return paths for all currents are
as close as possible to the paths the currents took to reach their
destinations. For example, do not power components on the
analog side of Figure 45b with DVpp since that would force
return currents from DVpp to flow through AGND. Also, try to
avoid digital currents flowing under analog circuitry, which could
happen if the user placed a noisy digital chip on the left haif of the
board in Figure 45¢c. Whenever possible, avoid large discontinuities
in the ground plane(s) {formed by a long trace on the same
layer), since they force retum signals to travel a longer path, And
of course, make all connections to the ground plane direcily,
with lictle or no trace separating the pin from its via to ground.
If the user plans to connect fast logic signals (rise/fall time <5 ns)
to any of the ADuCB812’s digital inpurs, add a series resistor to
each relevant line to keep rise and fall times longer than 5 ns at the
ADuCB12 input pins. A value of 100.-or 200 is usually suffi-
cient to prevent high speed signals from coupling capacitively
-into the ADuCS812 and affecting the accuracy of ADC conversions.

Figure 45. System Grounding Schemes
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Tisunsunlunu SCA

$MODS812
CSEG
ORG 0000h

MAIN: MOV DACCON,#07FH
NEXTO:
JB P3.0,NEXTO 0

JNB P3.0,NEXT2

NEXTO_0:
MOV DACCON.#7FH ;BOTH DACS ACTIVE ,Vdd=5V
MOV A,P0

NEXTO 1: MOV DACOL.A :DACO

NEXT1: MOV DACOH,A
AJMP NEXTO

NEXT2:
MOV DACCON#7FH ; BOTH DACS ACTIVE,Vdd = 5V
MOV B,P0

NEXT2 1: MOV DACIL,B - ; DACI
NEXT2, 2:"MOV. - DAC1H,B
JNB P3.0,NEXT2

AJMP NEXTO

END
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TisunsunIvnu SCA SWEEP
$MODS812
CSEG
ORG 0000h
MAIN: MOV DACCON,#07FH
AIMP NEXTO0_00
NEXTO:
JB P3.0,NEXT0_0
JNB P3.0,NEXT2
NEXTO_0: ; JB P3.1, RATE
JB P3.2,SWEEP
NEXT0_00: MOV DACCON#7FH ;BOTH DACS ACTIVE ,Vdd=5V
MOV AP0
NEXTO_I: MOV DACOL,A ;DACO
NEXT1: MOV, DACOH,A
JB P3.1,RATE

AIJMP NEXTO

NEXT2: ;JBP3.1, RATE

JB P3.2,SWEEP

MOV DACCON.,#7FH ; BOTH DACS ACTIVE,Vdd =5V

MOV B,P0



NEXT2 1: MOV DACILB ;DACI

NEXT2 2: MOV DACIH,B
JB P3.1,RATE
JNB P3.0,NEXT2

AJMP NEXTO

RATE:

AJMP RATE

SWEEP: MOV DACCON.#7FH ; BOTH DACS ACTIVE,Vdd =5V

MOV DACOL,#000H ; DACO

MOV DACOH,#000H

LCALL DELAY_IS

MOV DACIL#003H ;DACI

MOV DACIH,#000H

LCALL DELAY IS

MOV. DACOL,#003H - ; DACO

MOV DACOH,#000H

LCALL DELAY 1S

MOV DACIL,#006H ; DACI1

MOV DACIH,#000H

;0

;X1

;X1

;X2
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LCALL DELAY 1S

MOV DACOL,#006H ; DACO

MOV DACOH,#000H

LCALL DELAY 1S

MOV DACIL,#009H ; DACI

MOV DACIH,#000H

LCALL DELAY 1S

MOV DACOL,#009H ; DACO

MOV DACOH,#000H

LCALL DELAY IS

\

Y
MOV DACIL#081H" ; DAC1

MOV DACIH,#003H

LCALL DELAY_IS

MOV DACOL,#081H ; DACO

> AT IAUADITI DA

;X2

;X299

;X299
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MOV DACOH,#003H

LCALL DELAY 1S

MOV DACIL#084H ;DACI ; X300

MOV DACIH,#003H

LCALL DELAY 1S

MOV DACOL,#084H ; DACO ;X300

MOV DACOH,#003H

LCALL DELAY_IS

LIMP SWEEP

DELAY_100MS: MOV R5,#10

DELAY_100MS_1: ACALL DELAY_ 10MS

DJNZ RS5,DELAY 100MS 1

RET

DELAY 500MS: MOV R5,#50

DELAY_500MS _l: ACALL - DELAY 10MS

DJNZ RS5,DELAY 500MS 1

RET

DELAY 1S: MOV R5#200 ;1 minute

DELAY IS 1: ACALL DELAY 10MS

DINZ R5.DELAY IS 1

RET
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; DELAY_1S: MOV  R5#100
;DELAY 1S 1: ACALL DELAY_10MS
DINZ RS5,DELAY 1S 1

RET

DELAY 10MS: MOV R7.#010
DELAY_10MS_1: MOV R6#0E6H

DELAY_10MS_2: NOP

NOP

END
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